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(57) ABSTRACT 

The invention relates to a double wall duct system (1) suitable 
for carrying fluids to at least other system comprising an 
internal duct (3) for conveying the fluid and an external duct 
(2) for conveying a potential leakage in the system (1), the 
double wall duct system (1) also comprising a clearance (8) 
between the ducts (2, 3) and at least one bend, the system (1) 
also comprising at least one bushing (4, 5) that connects the 
system (1) to at least other system, the bushing (4, 5) being 
slidable in the system (1) before being connected to the sys 
tem (1) and to other systems, the inner duct (3) being con 
nectable at its ends to other systems and the outer duct (2) 
being connectable to one end of the bushing (4,5), the bush 
ing (4,5) providing a closed structural integrity of the system 
(1) therefore allowing a potential leakage in the double wall 
system (1) to be detected and evacuated in a controlled man 
ner. The invention also relates to a method of manufacturing 
such a double wall duct system (1). 
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DOUBLE WALL DUCT SYSTEM 

FIELD OF THE INVENTION 

0001. The present invention relates to a double wall duct 
system, in particular to be used in the aeronautical field, and 
to a method of manufacturing Such a double wall duct system. 

BACKGROUND OF THE INVENTION 

0002 Double wall ducts are typically used in the aeronau 
tical field in areas where a potential leakage may jeopardize 
the continuity of a safe flight, therefore causing possible 
injuries to the related personnel due to vapors hazards. 
0003. In the case of double wall ducts used in the aeronau 

tical field, comprising an internal duct and an external duct, 
the internal duct is used for bearing fuel pressures, while the 
external duct is used to convey potential leakages to a specific 
drain system outside the risk area, this constituting a situation 
of a special risk in the aeronautical field. 
0004. There exist known methods of fabricating double 
wall ducts, like for example the one described in document 
U.S. Pat. No. 4,332,073, where a method for manufacturing a 
double wall duct made of composite material is disclosed. 
The outer duct is expanded by heating, whereas the inner duct 
is contracted by cooling, therefore being the two ducts intro 
duced one inside the other. After this, the clearance between 
the two ducts disappears and they are brought to the same 
dimension. No bending in the duct is disclosed in this docu 
ment, and no clearance is kept between the two ducts. The 
problem raised by the method of this document is that it is 
expensive and not valid for fabricating bends. Moreover, as 
there is no clearance kept between the two ducts, potential 
leakages are therefore not controlled. 
0005 Document U.S. Pat. No. 5,189,790 discloses a 
method of manufacturing a double walled duct elbow by the 
use of seal plugs to be used in car exhaust gas manifolds. The 
main problem raised in this method is that its fabricating costs 
are quite high, as the diameter of both ducts has to be the same 
and this diameter must also be of a very specific dimension. 
Moreover, the material of the ducts is very expensive, as the 
fabricating method comprises the step of blowing by pres 
Sure, the material needing therefore to bear Such high pres 
sures. In the junctions, the double wall duct of this document 
does not have any clearance between the two ducts: the 
double wall duct is then not valid for controlling or detecting 
potential leakages. 
0006 Document U.S. Pat. No. 5,054,185 discloses a 
method for fabricating a double wall duct comprising an inner 
and an outer duct, also comprising an intermediate layer with 
a material for attenuating vibrations, to be particularly used in 
automobile exhaust systems. The material for attenuating 
vibrations of this invention means weight and is therefore 
Something to be considered as highly negative in the aeronau 
tical field. Also, the method of this invention does not main 
tain a clearance between the ducts, necessary for the detection 
and control of leakages. The problem solved by this invention 
is that of noise in a double wall duct. This invention does not 
solve, on the other hand, the problem of structural integrity in 
double wall ducts caused by vibrations. 
0007 Document U.S. Pat. No. 3,201,861 discloses a 
method for forming a tubular double wall exhaust duct ele 
ment, comprising an outer duct element and an inner duct 
element comprising orifices spaced along its length, for 
acoustic reasons, such that there exists a gap between the 
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outer and the inner duct, all along the length of the duct except 
at the ends. These orifices would produce uncontrolled leak 
ages when used for conveying fluids; moreover, the costs of 
this method are high. 
0008 Document U.S. Pat. No. 5,497,809, upon which the 
preamble of claim 1 is based, discloses a coaxial tubing 
system comprising bending sleeves of an insoluble, compres 
sion resistant material with cold flow characteristics, longi 
tudinal fluid passageways being provided between the tubes. 
Conductive spacers are also provided for maintaining annular 
tube spacing, particularly at tube ends. The main problem of 
this invention is that the compression resistant material 
increases the system weight, which is of particular relevance 
in the aeronautical field. 
0009. The main problem and difficulty when using the 
double wall duct manufacturing processes as described above 
comes where low weight and Small area is available to route 
Such ducting systems, as it happens when used in the aero 
nautical field, therefore being these processes non-viable. 
0010. The present invention is oriented to the solution of 
these drawbacks. 

SUMMARY OF THE INVENTION 

0011. The invention is intended to provide a double wall 
duct system and a method for Such a double wall duct system 
manufacturing, the double wall duct system preferably been 
made of a metallic material and comprising an external duct 
used to convey potential leakages and an internal duct used 
for bearing fuel pressures. The method according to the 
invention comprises bending both the internal and the exter 
nal ducts together, and welding afterwards said internal and 
external duct to a fitting devoted to support the double wall 
duct system and/or to connect said double wall duct system to 
other similar duct systems. 
0012. The objective of the present invention is therefore to 
provide a double wall duct system, particularly metallic, to be 
used preferably in those areas of an aircraft where special 
precautions are needed (fuselage, areas adjacent to fire Zones, 
etc.) and to provide a method for manufacturing Such double 
wall duct system. 
0013 The manufacturing method of the present invention 
allows bending the inner duct and the outer duct of a double 
wall duct together, therefore eliminating the need for addi 
tional outer shell welding and keeping a clearance or gap in 
between the inner duct and the outer duct to avoid fretting that 
may cause non-detectable damages. 
0014. The manufacturing method of the invention com 
prises the following steps: 

0.015 a) both the inner and the outer ducts are cut to a 
bigger dimension than the one finally required of the 
system, prior to the bending step; 

0016 b) a stopper, preferably conic, is placed in one of 
the ends of the double wall duct assembly; 

0017 c) the clearance or gap in between both inner and 
outer ducts is filled with a filler material, such as Corun 
dum, by using a special tool, to ensure and homogeneous 
bending by balancing the loads that appear and at bend 
ing process; 

0.018 d) an additional stopper is then placed at the other 
end of the double wall duct assembly: 

0.019 e) the double wall duct assembly is then bent, by 
using standard tools and machines for tube bending: 

0020 f) the double wall duct is then cut to its final 
dimension and the filler material is removed. 
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0021. Once the bending procedure as described above is 
finished, the double wall duct system is then welded to a 
fitting devoted to its Support by welding the inner duct and 
then the outer duct, using a bushing according to the invention 
and designed to fit the double wall duct system to the required 
fitting in particular, this bushing having previously been 
inserted surrounding the external duct of the double wall duct 
system. The bushing can either be straight or conic, depend 
ing on the fitting size to which the double wall duct system is 
to be connected. 
0022. Other features and advantages of the present inven 
tion will be disclosed in the following detailed description of 
an illustrative embodiment of its object in relation to the 
attached figures. 

DESCRIPTION OF THE DRAWINGS 

0023 The features, objects and advantages of the inven 
tion will become apparent by reading this description in con 
junction with the accompanying drawings, in which: 
0024 FIG. 1 shows a general view of a double wall duct 
system of the present invention. 
0.025 FIG. 2 shows both ducts, inner duct and outer duct, 
prior to the start of the manufacturing method according to the 
invention. 
0026 FIGS. 3a, 3b and 3c show details of the fittings to 
which the double wall duct system according to the invention 
is connected, FIG. 3b showing a detail of a wing connection 
fitting being the double wall duct system of the invention 
connected to another double wall duct system, and FIG. 3c 
showing a detail of a firewall connection fitting, being the 
double wall duct system of the invention connected to a single 
wall duct system. 
0027 FIGS. 4a, 4b and 4c show details of sliding bushings 
used for the welding procedure of a double wall duct system 
according to the invention, FIG. 4b showing a detail of a 
conical bushing for a wing connection fitting, and FIG. 4c 
showing a detail of a straightbushing for a firewall connection 
fitting. 
0028 FIGS.5a, 5b and5c show details of the assembly of 
both inner and outer ducts together with a conical stopper for 
the manufacturing of a double wall duct system according to 
the invention. 
0029 FIG. 6 shows the filling operation and the tool used 
for the manufacturing of a double wall duct system according 
to the invention. 
0030 FIG. 7 shows the complete assembly prior to the 
bending operation for the manufacturing of a double wall duct 
system according to the invention. 
0031 FIGS. 8a, 8b and 8c show details of the steps of the 
welding operation for a double wall duct system according to 
the invention. 
0032 FIGS. 9a,9b and 9c show details of the steps of the 
welding operation at the other end of the assembly of a double 
wall duct system according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0033. The invention is therefore intended to provide a 
double wall duct system 1, preferably being made of a metal 
lic material, and a method for such a double wall duct system 
1 manufacturing. The double wall duct system 1 comprises an 
external duct 2, used to convey potential leakages, and an 
internal duct 3, used for bearing fuel pressures. It is to be 
noted that these two ducts, 2 and 3, are of standard commer 
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cial dimensions: this represents another advantage of the 
invention, as no additional cost are to be added because of 
ducts of special diameters. The double wall duct system of the 
invention and its method of manufacturing keeps a clearance 
between the two ducts, 2 and 3, therefore being the manufac 
turing costs maintained. The method according to the inven 
tion comprises bending both the internal duct 3 and the exter 
nal duct 2 together, and welding afterwards said internal 3 and 
external duct 2 to a fitting 6, 7 devoted to support the double 
wall duct system 1 and/or to connect said double wall duct 
system 1 to other duct systems that can also be similar to 
system 1. As schematically illustrated in FIG. 1, the process 
for manufacturing a double walled duct system 1 according to 
the invention consists of assembling two ducts 2, 3 of a 
different diameter one inside each other before a bending 
operation, and welding said ducts 2, 3 together via a series of 
sliding bushings 4, 5 to conform finally the said double wall 
duct system 1. The bushings 4, 5 can either be conical or 
straight. 
0034. The inner duct3 and the outer duct 2 conforming the 
double wall duct system 1 are preferably made of a metallic 
material, such as Stainless Steel, preferably AISI 321, 
although the invention is also applicable to a variety of metal 
lic materials. 
0035. The manufacturing method of the present invention 
allows bending the inner duct 3 and the outer duct 2 of a 
double wall duct system 1 together, therefore eliminating the 
need for additional outer shell welding and keeping a clear 
ance or gap 8 in between the inner duct 3 and the outer duct 2 
to avoid fretting that may cause non-detectable damages. 
0036. The process for the manufacturing of a metallic 
double wall duct system 1 of FIG. 1, said double wall duct 
system 1 being of any geometry to be used for carrying fluids 
where a leakage shall be detected and/or evacuated in a con 
trolled manner, comprises the following steps: 

0037 a) both the inner duct3and the outer duct 2 are cut 
to a bigger dimension than the one finally required of the 
double wall duct system 1: 

0.038 b) the ducts 2 and 3 are cleaned, and the edges of 
each of its ends are prepared; 

0.039 c) the inner duct3 is introduced into the outer duct 
2: 

0040 d) a stopper 9, preferably conical for making it 
easier to be inserted into the double wall duct system 1, 
as the one showed in FIG.5c, is placed by pressure in one 
of the ends of the double wall duct system 1 assembly: 

0041 e) the duct system 1 is placed in a not horizontal 
position, preferably vertically, with the stopper 9 being 
placed in its down part; 

0.042 f) the clearance or gap 8 in between both inner 
duct 3 and outer duct 2 is filled with a filler material 12, 
this filler material 12 being able to flow in a controlled 
manner, i.e., performing a certain resistance to the flow 
ing but without abrading the walls of the ducts 2, 3, such 
as Corundum material, also providing a medium to keep 
Substantially parallel Surfaces on ducts 2 and 3 by using 
a special tool 10, preferably with the shape of a funnel, to 
facilitate the insertion of the filler material 12 in the 
clearance 8, therefore ensuring an homogeneous bend 
ing of both ducts, 2 and 3, by a balanced transfer of the 
loads that appear in the bending process from the outer 
duct 2 to the internal duct 3; 

0.043 g) one the gap 8 between the ducts 2 and 3 has 
been filled and the filler 12 has been properly com 
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pacted, an additional stopper 11 is then placed by pres 
sure at the other end of the double wall duct system 1 
assembly; 

0044 h) the double wall duct system 1 assembly is then 
bent, by using standard tools and machines for tube 
bending: 

0045 i) both stoppers 9 and 11, as well as the filler 
material 12, Such as corundum, are removed, once the 
bending process has finished; 

0046 ) a cleaning, manual or not, is then performed; 
0047 k) the double wall duct system 1 obtained is then 
cut in its ends to its final dimension; 

0048. 1) the sliding bushings, 4 and 5, are installed in the 
ends of the double wall duct system 1: 

0049 m) the double wall duct 1 is de-burred and pre 
pared for welding: 

0050 n) welding, such as TIG, orbital or manual weld 
ing, is then performed in machined fittings, 6 and 7: 

0051 o) welding, such as TIG, orbital or manual weld 
ing, is performed in sliding bushings, 4 and 5. 

0.052 p) final inspection and testing occurs. 
0053. The manufacturing of the machined fittings, 6 and 7. 

is performed following a standard known procedure. The 
manufacturing of the sliding bushings 4 and 5, which are 
preferably made of a metal which is compatible as to welding 
with the double wall duct system 1 and with the fittings 6 and 
7, is also performed following a standard known procedure. 
The bushings 4 and 5 can either be conical, straight or of any 
appropriate shape to fit the system 1 to the other systems. 
0054 Both fittings, 6 and 7, are machined preferably from 
steel material, for example of the type CRES321. The bush 
ings 4 and 5 are also preferably made of steel material of the 
type CRES321. 
0055. The welding operation for a double wall duct system 
1 comprises, as can be seen in FIGS. 8a, 8b and 8c, the 
following steps: first the bushing 4, which is connected to the 
firewall connection fitting 7, is introduced in one end of the 
double wall duct system 1, then the inner duct 3 is welded in 
part B of FIG. 8b, and afterwards, the outer duct 2 is welded 
in parts C and D of FIG. 8c. 
0056. The welding operation at the other end of the double 
wall duct system 1 comprises, as can be seen in FIGS. 9a, 9b 
and 9c, the following steps: first the bushing 5 (in these 
Figures the bushing 5 has been made in a conical shape), 
which is connected to the wing connection fitting 6, is intro 
duced in the other end of the double wall duct system 1, then 
the inner duct3 is welded in part E of FIG.9b, and afterwards, 
the outer duct 2 is welded in pats F and G of FIG.9c. The full 
assembly is then completed. 
0057 The method according to the invention comprises 
welding first the inner duct 3, then sliding the bushing 4 or 5. 
which has previously been introduced in the double wall duct 
system 1, and one the bushing is displaced, it is welded in two 
parts to the system 1. 
0058. One of the main advantages of the present invention 

is to provide a double wall duct system 1 connected to other 
systems by fittings 6 and 7 with at least one bending, such that 
the system 1 is formed in a single process, and is not formed 
by different parts, each one of the parts being formed in 
different processes, therefore having the advantages of main 
taining a low weight where a small area is available to route 
the ducting systems, as it happens in the aeronautical field of 
the present invention. 
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0059. The bushings, 6 or 7, can also comprise a drain port, 
as the one showed in bushing 4 of FIG. 4a. 
0060. In FIG. 8b, it can be observed that the distance or 
gap 14 from the bushing 4 and the part B in which the welding 
is to be performed, has to meet a minimum, Such that the 
welding machine or tool to be used can perform such welding 
in B. The same can be said for FIG.9b, relative to the distance 
or gap 14 between the bushing 5 and the part E in which the 
welding is to be performed. 
0061 The bushings 4, 5 provide a closed structural integ 
rity of the system 1, therefore allowing a potential leakage in 
the double wall system 1 to be detected and evacuated in a 
controlled manner. 
0062 Although the present invention has been fully 
described in connection with preferred embodiments, it is 
evident that modifications may be introduced within the 
Scope thereof, not considering this as limited by these 
embodiments, but by the contents of the following claims. 

1. Double wall duct system (1) suitable for carrying fluids 
to at least other system comprising an internal duct (3) for 
conveying the fluid and an external duct (2) for conveying a 
potential leakage in the system (1), the double wall duct 
system (1) also comprising a clearance (8) between the ducts 
(2, 3) and at least one bend, characterized in that it also 
comprises at least one bushing (4, 5) that connects the system 
(1) to at least other system, the bushing (4,5) being slidable in 
the system (1) before being connected to the system (1) and to 
other systems, the inner duct (3) being connectable at its ends 
to other systems and the outer duct (2) being connectable to 
one end of the bushing (4, 5), the bushing (4,5) providing a 
closed structural integrity of the system (1) therefore allowing 
a potential leakage in the double wall system (1) to be 
detected and evacuated in a controlled manner. 

2. Double wall duct system (1) suitable for carrying fluids 
according to claim 1 characterized in that the inner duct (3) 
and the outer duct (2) are fixed in the system (1) by welding. 

3. Double wall duct system (1) suitable for carrying fluids 
according to claim 1 characterized in that the bushing (4,5) is 
slidable in the system in Such a manner that a gap (14) is 
provided between the end of the bushing (4, 5) and the end (B. 
E) of the internal duct (3), to facilitate the connection of the 
internal duct (3) to the at least other system. 

4. Double wall duct system (1) suitable for carrying fluids 
according to claim 3 characterized in that the gap (14) is 
Suitable for using a welding machine. 

5. Double wall duct system (1) suitable for carrying fluids 
according to claim 1 characterized in that the ducts (2, 3) are 
of standard commercial dimensions. 

6. Double wall duct system (1) suitable for carrying fluids 
according to claim 1 characterized in that the material of 
system (1) is a metallic material. 

7. Double wall duct system (1) suitable for carrying fluids 
according to claim 5 characterized in that the material of the 
bushings (4, 5) is a metallic material. 

8. Method of manufacturing the double wall duct system 
(1) of claim 1 characterized in that it comprises the following 
steps: 

a) cutting the inner duct (3) and the outer duct (2) to a 
bigger dimension than the one finally required of the 
system (1): 

b) introducing the inner duct (3) in the outer duct (2): 
c) filling the clearance (8) with a filler material (12) to keep 

substantially parallel surfaces on ducts (2,3); 
d) bending the double wall duct system (1): 
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e) removing the filler material (12); 
f) cutting the ends of the system (1) to its final dimension; 
g) installing the bushings (4, 5) in the ends of the system 

(1): 
h) closing the ends of the outer duct (2) and the inner duct 

(3): 
i) sliding and fixing the bushings (4, 5). 
9. Method of manufacturing a double wall duct system (1) 

according to claim 8 characterized in that the filler material 
(12) is a material able to flow in a controlled manner, per 
forming a certain resistance to the flowing but without abrad 
ing the walls of the ducts (2, 3). 

10. Method of manufacturing a double wall duct system (1) 
according to claim 9 characterized in that the filler material 
(12) is Corundum material. 

11. Method of manufacturing a double wall duct system (1) 
according to claim 8 characterized in that it also comprises the 
step of introducing a stopper (9) in one of the ends of the 
system (1), so that the system (1) can then be placed in a not 
horizontal position for the introduction of the filler material 
(12). 

12. Method of manufacturing a double wall duct system (1) 
according to claim 11 characterized in that it also comprises 
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the step of introducing an additional stopper (11) in the other 
end of the system (1) so that the bending of the system (1) 
OCCU.S. 

13. Method of manufacturing a double wall duct system (1) 
according to claim 8 characterized in that the filler material 
(12) is introduced by a special tool (10) in the shape of a 
funnel to facilitate the insertion of the filler material (12) in 
the clearance (8). 

14. Method of manufacturing a double wall duct system (1) 
according to claim 8 characterized in that the closing of the 
ends of the outer duct (2) and the inner duct (3) is performed 
by welding. 

15. Method of manufacturing a double wall duct system (1) 
according to claim 14 characterized in that it the fixing of the 
bushings (4, 5) is performed by welding, Such that it com 
prises the following steps: 

a) once the ends of the outer duct (2) and the inner duct (3) 
have been closed by welding in their parts (B, E), the 
bushing (4, 5) slides in the system (1): 

b) the bushing (4, 5) is then welded to the system (1) in 
respective parts (C, D and F, G). 

c c c c c 


